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Abstract
We present the results and prospects for searches beyond the Standard Model (SM) at the LHC by the ATLAS and
CMS collaborations. The minimal supersymmetric extension of the SM has been investigated in various conﬁgurations
at 8TeV center of mass energy at LHC and lower limits are set on the s-particle masses. The searches for other
scenarios of physics beyond the SM are also presented. The data are found to be consistent with the Standard Model.
The non-observation of a signal is converted to limits at the 95% conﬁdence level(C.L) on the production cross section
times branching ratio and on the masses of the hypothesized new particles for appropriate benchmark models (new
heavy gauge bosons, extra-dimensions, compositeness or dark matter)
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1. Introduction
The Standard Model (SM) is a very successful theory
and it describes the experimental data very well over the
past few decades including the discovery of Higgs Bo-
son by LHC experiments ATLAS and CMS [1, 2]. How-
ever successful, it is an eﬀective theory that must break
down above a certain energy scale, and there are strong
theoretical arguments to believe that it breaks down at
electroweak scale. Some unexplained phenomenon and
problems, for example Dark Matter, the diﬃculty of in-
corporating gravity, and the hierarchy problem [3], sug-
gests that beyond the Standard Model (BSM) physics
are required to accurately describe the universe we ob-
serve. SuperSymmetry(SUSY) is proposed as a simple
and elegant extension of the SM. Other theoretical ap-
proaches providing solutions to some of the problems
mentioned above, and often oﬀering a rich phenomenol-
ogy, are grouped under the term exotic physics. Two ex-
periments ATLAS[4] and CMS[5] at the Large Hadron
Collider (LHC)[6] have run extensive physics searches
to cover for as many scenarios as possible. These pro-
ceedings will review results from some of the many
searches for supersymmetry and exotic signatures us-
ing the LHC Run1 data from 2012, with L=20.3 f b−1
of proton-proton data recorded by ATLAS and L=19.5
f b−1 recorded by CMS, at centre of mass energy of√
s=8TeV.
2. Supersymmetry
Supersymmetry constitutes an attractive extension of
the Standard Model of particle physics. It provides a
natural Dark Matter candidate, able to resolve the hier-
archy problem and also leads to the uniﬁcation of the
strong, weak, and electromagnetic forces. An impor-
tant result of the theory is that every known particle has
at least one superpartner particle or ”sparticle”. The
familiar neutrino, for example, is partnered with the
yet-to-be discovered sneutrino. This has caused it to
be considered one of the most popular BSM theories,
and both ATLAS and CMS have an extensive range of
analyses covering many of the possible phenomenolo-
gies resulting from many additional parameters which
are not strongly constrained. We will ﬁrst discuss the
search strategy generally employed by SUSY searches,
before moving on to results from a selection of recent
analyses. These will be separated depending on the pro-
duction mode, which diﬀer in production cross-section
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at the LHC and the most likely decay products.
3. Search Strategy
Analyses searching for SUSY typically involves
identifying some signature of interest expected from a
SUSY model. Simpliﬁed models are often used to rep-
resent a signal, where only a few SUSY particles are set
with light enough masses to be produced at the LHC,
and the physics above this scale is not considered, i.e.
the SUSY breaking mechanism. Once a signature has
been identiﬁed, the objective is to isolate event or ob-
ject properties where we would expect good discrimina-
tion between the SM background and our signal. This
is usually in the form of a set of kinematic selections
or cuts required for events to pass the requirements of
a signal region, and all SUSY searches discussed in
this document are based on this method. The analyses
are optimised to maximise sensitivity from SM expec-
tations. If agreement is seen between the SM prediction
and the observed data, 95%CL exclusion limits are set,
ruling out scenarios that are incompatible with obser-
vation. These limits are usually given as a function of
parameters in the model. In order to interpret these ob-
servations eﬀectively, it is vital that the SM background
processes are well modelled and accurately described
in the regions of interest. Analyses often incorporate
data-driven background estimation methods where pos-
sible, and validate the predictions in speciﬁcally de-
signed control regions (CR). Many SUSY searches are
conducted blind. This means that the signal regions
(SR) are designed based solely on theory, and the data
must not be observed until everything in the analysis is
ﬁnalised. This is referred to as unblinding. For these
analyses it is crucial that this testing of the background
estimation does not uncover data in the search regions
prior to unblinding, so validation of the background es-
timation must be done in regions that do not have any
overlap with the signal regions.
4. Supersymmetric production at LHC
Figure 1 shows cross sections [7] for pair produc-
tion of diﬀerent sparticles as a function of their mass
at the LHC for a center-of-mass energy of 8 TeV. Typ-
ically the production cross section of colored squarks
and gluinos is several orders of magnitude larger than
the one for leptons or charginos. These processes pos-
sess the largest production cross sections in proton-
proton collisions, and thus the LHC searches typically
provide the tightest mass limits on these colored spar-
ticles. Electroweak production of SUSY has in general
smaller cross-sections, but the production cross-sections
for winos, binos or higgsinos of around 300 - 400 GeV
are similar to those of squarks and gluinos with masses
around 1-1.5 TeV.
Figure 1: Inclusive cross section for pair production of diﬀerent spar-
ticles as function of mass at the LHC for C.M 8TeV.
4.1. Inclusive Strong Production Searches
If SUSY is realized at the LHC energies, gluinos and
squarks are expected to be produced copiously. Gluinos
and squarks will decay either directly or through inter-
mediate particles into jets and the lightest supersymmet-
ric particle (LSP, here assumed to be the lightest neu-
tralino χ˜01), which is assumed to be stable in these pro-
ceedings, as only R-parity conserving scenarios are con-
sidered. Being only weakly interacting, the LSP will es-
cape the detector and thus generate a signiﬁcant amount
of missing transverse energy. In more complex decay
chains of gluinos or squarks one or more lepton(s) can
appear in the ﬁnal state due to chargino, neutralino or
slepton decays. Therefore, the signatures considered
here consist of jets, EmissT and possibly one or more lep-
tons.
Recent results from the CMS collaboration include
the search for events with three or more leptons [8].
The analysis separates events dependent on the ﬂavour
and sign of the contained leptons (of which there must
be at least three), and a number of cuts on event prop-
erties to discriminate signal from background events.
These include the EmissT = -
∑
iPiT , the negative sum of
all i visible particle transverse momenta in the event,
the jet transverse momentum, HT =
∑
jP
j
T , the sum of
all j jet transverse momenta in the event, and the in-
variant mass of same ﬂavour, opposite charge pairs of
leptons, mll. Background is dominated by WZ and ZZ
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processes, which are targeted with tight isolation re-
quirements on the leptons. Results are interpreted in
a model with pair-produced gluinos, which each decay
via g˜ → tt˜∗ → tt˜χ˜01 to produce a ﬁnal state contain-
ing four tops i.e investigate scenarios with gluino pair
production followed by gluino decay to a top-antitop
pair and the lightest supersymmetric particle, and di-
rect bottom-squark pair production. The exclusion lim-
its set on this grid are included in those shown in Figure
2, which summarises limits from all CMS analyses[9]
considering this scenario. In addition, interpretations in
Gauge Mediated SUSY Breaking (GMSB)[10], direct
sbottom pair production and rare ﬂavour-violating de-
cays of t→ cH are made. The ATLAS analysis searching
for events with three or more b-jets[11] also interprets
in the (gluino, neutralino) mass plane. Events with ei-
ther zero or one leptons, at least three b-jets, and four
or more/seven or more jets are selected. In addition, a
number of kinematic variables combining the EmissT , pT
of the leptons, and HT , and the minimum azimuthal sep-
aration between jets, δφ jetsmin , are used to deﬁne a total of
nine signal regions. The background is dominated by
the irreducible tt¯ process, estimated with a data-driven
method based on the matrix method. This employs a
system of equations relating the number of b-tagged jets
to those which are true, to estimate the probability of
jets which are not truly b-jets being b-tagged. Events are
weighted by corrections dependent on jet ﬂavour pro-
portions, pT and η. The prediction is then validated on
an inclusive sample of tt¯ events. The exclusion limit for
gluino production and a neutralino LSP can be seen in
Figure 3, along with other recent ATLAS analyses inter-
preting on this model[12]. The masses of the gluino and
neutralino are the parameters which are varied. It can
be seen that diﬀerent analyses (listed in the legends) are
useful for diﬀerent areas of the parameter space, and the
maximum eﬀect is gained by considering all ﬁnal states
with suﬃcient sensitivity.
4.2. Third Generation Searches
Direct production of top and bottom squark pairs at
hadron colliders is suppressed with respect to ﬁrst gen-
eration squarks, due to the absence of t and b quarks
in the proton. At the LHC, assuming eightfold mass
degeneracy for light ﬂavor squarks as reference, this
suppression is at the level of two orders of magnitude
for top and bottom squark masses of around 600 GeV.
Moreover, at the LHC, there is a very large background
of top quark pair production, making the experimen-
tal analysis of top squark pair production a challenge.
These decays also produce a large number of jets, pos-
sibly leptons, and missing transverse energy, EmissT . The
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Figure 2: Summary of CMS 95% CL exclusion limits in strong pro-
duction scenarios in the χ˜01 mass versus g˜ mass plane [9].
Figure 3: Summary of ATLAS 95% CL exclusion limits in strong
production scenarios in the χ˜01 mass versus g˜ mass plane [12].
mixing between the mass eigenstates of right-handed
and left-handed stop partners is non-negligible, result-
ing in two non-degenerate stop states, t˜1 and t˜2, of which
t˜1 is the lightest.
The ATLAS search for one lepton and four jets (at
least one of which must be a b-jet)[13] targets two,
three, and four-body decays of the lightest t˜1 to a χ01
LSP, with diﬀerent mass splitting assumptions leading
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to diﬀerent SM decay products. Some of these involve a
boosted stop, which are targeted by regions with a large
required jet separation. Regions are also deﬁned with
low pT leptons in order to achieve sensitivity to scenar-
ios which have a low mass stop. Figure 4 summarises
ATLAS results from a number of analyses in the χ01 t˜1
mass planes. Diﬀerent regions corresponds to diﬀerent
decay modes of the stop, as these are dependent on the
mass diﬀerence between the t˜1 and χ01. Lines are in-
cluded to mark the limits of a given decay, as labelled.
The analysis contributes to three regions of the parame-
ter space via these diﬀerent decay modes, as can be seen
by the three separate limits displayed.
The CMS search for one, two, or three or more
leptons and one or three b-jets [14] targets a diﬀer-
ent decay - that of the heavier t˜2 to the lighter t˜1 .
These decays produce either a Z or Higgs and a tt¯
pair. A total of 96 signal regions (SR) are deﬁned,
split by the number of leptons and b-jets, and multi-
ple kinematic variables, some of which are binned, i.e.
split into a number of ranges for the parameter value.
The most prominent variables are EmissT , transverse lep-
ton momentum plT , and the transverse mass, mT , de-
ﬁned as: mT =
√
2EmissT p
l
T (1 − cos(Δφ(EmissT , l))) where
Δφ(EmissT , l) gives the separation in φ between the con-
sidered lepton and the EmissT . The limits which are set
in the t˜1,t˜2 mass plane indirectly probe the region of χ˜01,
t˜1 mass parameter space where the mass diﬀerence be-
tween the stop and neutralino is approximately that of
the top. This can be seen in Figure 5, marked with a
dashed line, and is an area where other searches strug-
gle for sensitivity as the signal decay products have very
similar kinematic properties to those coming from MC
background processes. It can be seen that this causes a
region of the parameter space which is not covered by
these exclusion limits.
4.3. Electroweak Production Searches
If strongly produced sparticles are not within the
energy reach of LHC, the electroweak production of
charginos (χ˜±i , i=1,2 ), neutralinos (χ˜
±
j , j=1,2,3,4 in the
order of increasing masses), and sleptops (l˜) may be the
key to the discovery of SUSY. This situation is for ex-
ample realized in the framework of the phenomenologi-
cal Minimal Supersymmetric Standard Model (MSSM),
the pMSSM[15, 16]. The experimental signature of
such events is given by one or more leptons, originat-
ing from the cascade decays of the initial sparticles,
and large missing transverse momentum, EmissT , coming
from the LSP.
Figure 4: Summary of ATLAS 95% CL exclusion limits in strong
production scenarios in the χ˜01 mass versus t˜1 mass plane [12].
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Figure 5: Summary of CMS 95% CL exclusion limits in strong pro-
duction scenarios in the χ˜01 mass versus t˜1 mass plane [9].
A large range of electroweak production and decay
scenarios are covered by the CMS analysis searching
for events with one, two, three, or four leptons, and a
large ET [17]. Regions that require the presence of one
lepton target χ˜±1 χ˜
0
2 → WH decays, while two lepton re-
gions are sensitive to direct sleptons production and sig-
nal producing three leptons in the case that one is lost,
three lepton regions target χ˜±1 χ˜
0
2 production with decays
through sleptons, or to ZH, ZZ or WH, and ﬁnally the
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four lepton region is interpreted in GMSB [18]. Search
regions are deﬁned separately for each lepton multiplic-
ity. The four lepton regions are binned in EmissT , and
the three lepton regions also used a binned approach
for values of lepton invariant mass, mll, EmissT and trans-
verse mass mT . There are only two regions using two
leptons, deﬁned with cuts on the EmissT and a jet veto
for one region. A large number of properties are used
to deﬁne signal regions which suppress background and
enhance signal, including EmissT , lepton transverse mass,
MlT , and the number of jets. The mother particle mass,
MblT2, is also deﬁned and used, constructed as the com-
bined four-momentum of the lepton, b-jets and EmissT in
the event. Exclusion limits for the χ˜±1 χ˜
0
2 for this analy-
sis are displayed in Figure 6 as the solid lines (labelled
SUS-13-006) for a variety of decay modes.
ATLAS recently performed an analysis searching for
two taus and missing transverse energy [19], with sensi-
tivity to direct stau production, and to χ˜±1 χ˜
0
2 χ˜
±
1 χ˜
±
1 de-
cays through a stau. Four signal regions are deﬁned
with two opposite sign taus, a jet veto, and further
cuts on EmissT , combinations of diﬀerent object trans-
verse masses, or on the eﬀective mass mef f deﬁned as:
mef f=EmissT +p
τ1
T +p
τ2
T .
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Figure 6: Summary of CMS 95% CL exclusion limits in electroweak
production scenarios in the χ˜±1 mass versus χ˜
0
1 mass plane, where a
number of decay modes are considered [9].
Background processes are dominated by misidenti-
ﬁed jets being reconstructed as taus, and these are mod-
elled from data, using the ABCD method. This involves
deﬁning four regions, the signal region(SR) D and three
control regions(CR) A, B and C using two uncorrelated
discriminating variables, for example. The ratio of the
number of events in CRs A and B should be equal to
the ratio in CR C and SR D. A transfer factor is then
calculated and applied to the events in C to estimate the
total in the signal region D. Validation regions are de-
ﬁned to test the performance before unblinding. Exclu-
sion limits for the chargino neutralino decays via staus
are shown in Figure 7, complementing the three lepton
search targetting the same process by exclusing diﬀerent
regions of the parameter space.
Figure 7: Summary of ATLAS 95% CL exclusion limits in elec-
troweak production scenarios in the χ˜±1 mass versus χ˜
0
1 mass plane
, where a number of decay modes are considered [12].
4.4. R-parity Violating Searches
A new quantum number can be deﬁned, which will be
diﬀerent for SM (+1) and SUSY (-1) particles. Referred
to as R-parity, it is deﬁned as: RP = (−1)3(B−L)+2S where
B, L and S are the baryon number, lepton number, and
spin of the particle in question. We can include addi-
tional terms in our superpotential - describing the super-
symmetric theory- which violate either baryon number
or lepton number:
WRPV = λi jkLiL jE¯k + λ′i jkLiQ jD¯k + μ
′
i LiH2 + λ
′′
i jkU¯iD¯ jD¯k
(1)
The indices i, j, k refer to lepton ﬂavour, L, E, Q,
U, D and H are super f ields, and λ, λ’, λ” and μ’ are
couplings[20]. The ﬁrst three terms violate lepton num-
ber, and the ﬁnal term violate baryon number. They
all cause R-parity conservation to be violated. Due to
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lower limits of the proton lifetime of 1030 years, we
cannot violate both lepton and baryon number, as this
would facilitate proton decay. So the coupling for one
interaction is chosen to be non-zero, and the other terms
are ignored. This still results in an R-parity violating
(RPV) scenario, leading to a decaying LSP. ATLAS
searches for an R-parity violating(RPV) scenario with
lepton number violation in events with four leptons and
missing transverse energy[21]. The coupling for the ﬁrst
term in the RPV superpotential given by equation (1),
λi jkLiL jE¯k, is set to be non-zero. Couplings with four
diﬀerent variations of indices are considered, λ121 and
λ122, which result the LSP decaying to electrons and
muons, and λ133 and λ233, which result in decays which
also include taus. Nine signal regions are deﬁned, based
on lepton ﬂavour (up to two taus are included), EmissT
and mef f . Limits are set on twenty RPV scenarios, with
varying NLSPs and coupling indices. Four of these can
be seen in Figure 8, for the case when a chargino is set
as the NLSP, for each of the four considered couplings
(λ121, λ122, λ133 and λ233). Limits are also set in a num-
ber of electroweak RPC scenarios.
The CMS analysis searching for events containing
three leptons [22] consider the second term of equa-
tion (1), λ′i jkLiQ jD¯k, to be non-zero in addition to the
ﬁrst. The model involves stop pair production and de-
cay to a neutralino LSP, which then decays to leptons.
This produces a signature with tops, leptons and neutri-
nos in the ﬁnal state. Eight signal regions are deﬁned
with diﬀerent light lepton and tau multiplicities, half in-
cluding b-jets. All regions are binned in the scalar sum
of the EmissT , lepton and jet transverse energies, repre-
sented by the variable S T = EmissT + E
jets
T + E
l
T . The
backgrounds are dominated by real diboson processes,
but data-driven estimates are used for the fake compo-
nents. Limits are set in the stop versus neutralino mass
place, as seen in Figure 9.
5. Other Exotic results
There exists a large number of theories which ad-
dress particular problems in the Standard Model which
have been discussed above. Additionally there are mod-
els which are natural extensions of the Standard Model.
ATLAS and CMS investigates these theories by explor-
ing many diﬀerent signatures.
5.1. Heavy Resonance Searches
Many theories beyond the Standard Model (SM) pre-
dict a heavy neutral spin-1 particle (Z), which then de-
cays to a pair of leptons. The most simple model is
Figure 8: ATLAS four lepton analysis [21] 95% CL exclusion limits
in RPV scenarios in the χ˜01 LSP mass versus χ˜
±
1 (NLSP) mass plane.
λ121 and λ122 allow decay to electrons and muons only, and λ133 and
λ233 also include taus.
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Figure 9: CMS three lepton analysis [22] 95% CL exclusion limits in
RPV scenarios in the χ˜01 LSP mass versus t˜1(NLSP) mass plane.
the Sequential Standard Model(SSM), where new gauge
boson only diﬀer from the SM Z boson by the mass.
There are other model theoretically motivated by Grand
Unied Theories (GUT), where the additional neutral
gauge boson arises. The distribution of the invariant
mass of two muons in the ﬁnal state is shown in Fig-
ure 10.
As no signiﬁcant excess is observed, ATLAS and
CMS put limits at 95% conﬁdence level (CL) on vari-
ous models of Z’ as shown in Figure 11 and Figure 12.
Diﬀerent conventions are followed while setting cross-
section limits, ATLAS uses the shape obtained from a
Z, which does not interfere with the SM Z boson, while
CMS models the signal as having zero intrinstic width.
Both the experiments exclude the benchmark Z’ SSM
for masses below 2.9 TeV
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Figure 10: Dielectron invariant mass (mee) distributions after event
selection, with two selected Z′S S M signals overlaid, compared to the
stacked sum of all expected backgrounds, and the ratios of data to
background expectation.The binwidth is constant in log mee. The
greenband in the ratio plots shows the systematic uncertainties.
Figure 11: Observed upper cross section times branching ratio ( σB)
limits at 95% C.L. for Z′S S M , E6 motivated Z’ and Z* bosons us-
ing the combined dilepton channel. In addition, theoretical cross
sections(σB) are shown for the same models. The stars indicate the
lower mass limits for each considered model. The width of the Z′S S M
band represents the theoretical uncertainty from the PDF error set, the
choice of PDF, as well as αs. The width of the Z′S S M band applies to
the E6 motivated Z’ curves as well.
Finally we present results from a dijet mass resonance
search [23] which constructs the invariant mass of the
two highest pT jets in each event, and interprets in a to-
tal of seven diﬀerent models which could produce reso-
nances in this distribution. Some of these include quan-
tum black holes, either lepto-phobic or lepto-phillic ex-
cited W decays to quark pairs, and excited quarks. The
distribution of dijet reconstructed mass including ex-
pected resonances can be seen in Figure 13.
The background estimation is data-driven, using a
functional form which allows for small variation within
Figure 12: Upper limits as a function of resonance mass M on the pro-
duction ratio Rs of cross section times branching fraction into lepton
pairs for Z′S S M and Z
′
ψ boson production to the same quantity for Z
bosons.
Figure 13: The reconstructed dijet mass distribution (ﬁlled points) ﬁt-
ted with a smooth functional form (solid line). Predictions for three q*
masses are shown above the background. The central panel shows the
relative diﬀerence between the data and the background ﬁt with over-
laid predictions for the same q* masses. The bin-by-bin signiﬁcance
of the data-background diﬀerence is shown in the bottom panel.
the background but not localised excesses which could
correspond to a BSM signal. Agreement is seen be-
tween SM background predictions and the observed
data. Many exclusion limits are set on the cross sections
of BSM scenarios considered, as well as on the masses
of many proposed heavy BSM particles, e.g. 4.09 TeV
on excited quarks and around 5.8 TeV on two kinds of
black holes. The sensitivity is not limited to the sce-
narios considered though, and any signal producing two
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high pT jets could make use of this analysis. One such
example limit on lepto-phobic or lepto-phillic excited
W decays to ﬁnal quark pairs is shown in Figure 14
Figure 14: Observed (ﬁlled circles) and expected 95%CL upper limits
(dotted line) on σ × A for leptophobic and non-leptophobic excited
vector bosonsW* as a function of particle mass. The green and yellow
bands represent the 68% and 95% contours of the expected limit. The
dashed curve is the theoretical prediction of σ×A . The uncertainty on
the nominal signal cross section due to the beam energy uncertainty is
also displayed as a band around the theory prediction. The observed
(expected) mass limit occurs at the crossing of the dashed σ×A curve
with the observed (expected) 95% CL upper limit curve.
5.2. Dark Matter Searches
The nature of Dark Matter (DM) and the hierar-
chy problem aﬀecting the Standard Model (SM) are
among the most compelling questions that modern par-
ticle physics is facing. Particles of Dark Matter could be
produced in proton-proton collisions, hence the Large
Hadron Collider can provide complementary informa-
tion to those obtained in direct detection experiments.
DM particles produced in the proton-proton collision
will not leave any detectable signal in the detector. Pro-
vided their boost in the transverse plane is large enough,
their production will be signalled by an excess of events
with large missing transverse momentum. Therefore,
the ATLAS and CMS look for events where DM parti-
cles are produced in association with a jet, a photon and
a vector boson. The signal cross sections and dynam-
ics are computed making use of an eﬀective ﬁeld theory
(EFT) where diﬀerent generic operators (scalar, pseu-
doscalar, vector, etc.) suppressed by appropriate pow-
ers of the eﬀective scale Λ or Ma∗ can be considered.
Diﬀerent ﬁnal states are sensitive to diﬀerent types of
operators.
mono-jet searches: The Dark Matter particles are as-
sumed to recoil against a parton emitted as initial state
radiation (ISR). The analyses selections require a hard
hadronic system (typically a single jet, although a sec-
ond close-by jet is allowed to increase the selection
eﬃciency on signal events with ﬁnal state radiation
from the associated parton) whose transverse momen-
tum vector is back-to-back with the missing transverse
momentum. The main SM background processes are
Z→ νν + jets and W→ lν + jets (l = τ, e, μ).
mono-photon searches: Similar to the previous case,
one looks for a hard photon recoiling against the DM
particles. The most relevant background is Zγ → ννγ.
Searches in association with vector bosons: A vec-
tor boson could be emitted as ISR. Depending on the
coupling of the Dark Matter to up-type and down-type
quarks, the associated production with W bosons could
be enhanced.
No excess above the SM predictions has been ob-
served in any of the analyses performed so far. The re-
sults have been therefore used to extract 95% C.L. limits
on speciﬁc eﬀective operators. These limits have been
derived as a function of the DM particle mass mχ and
the eﬀective interaction scale Λ or M∗. The EFT lim-
its can then be converted into limits on the DM-nucleon
scattering cross sections as a function of the DM parti-
cle mass. Figures 15, 16 shows the limit of several dif-
ferent ATLAS[24] and CMS[25] analyses in such plane
for diﬀerent operators (axial vector for CMS, tensor for
ATLAS) leading to spin-dependent DM-nucleon inter-
actions. This case is the least favourable for direct de-
tection experiments (also shown in the plots) and the
comparison with the LHC results clearly show relevance
of LHC in the quest for Dark Matter discovery.
5.3. Heavy Quarks
The violation of naturalness, when extrapolated
above the EW energy scale, remains one of the open
questions of the SM. The quadratic mass-squared diver-
gences of fundamental scalar ﬁelds requires ﬁne tuning
to be compensated by some mechanism. This issue is
commonly addressed in BSM theories by proposing a
new symmetry, where the new states of the SM bosons
and fermions related to such symmetry introduces new
interactions that cancel out the divergency. These new
states are generically strongly coupled resonances of
some new conning dynamics, which can appear as vec-
torlike quarks (VLQ). Several non-SUSY BSM theo-
ries include vector-like quarks as a characteristic feature
[26].
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Figure 15: Dark Matter exclusion limits as a function of the DM can-
didate mass and of the DM-nucleon cross section for spin-dependent
interactions by ATLAS.
Figure 16: Dark Matter exclusion limits as a function of the DM can-
didate mass and of the DM-nucleon cross section for spin-independent
interactions by CMS.
ATLAS search for the production of charge +2/3 (T)
and -1/3 (B) VLQ that decays to a Z boson and a third
generation quark (T → Zt and B→ Zb) has been per-
formed [27]. They can either be pair produced from the
pp collisions via the strong interaction, or singly pro-
duced via the EW interaction. The event selection re-
quire at least a pair of leptons to reconstruct a Z boson
candidate, and the selected candidate events are then di-
vided into dilepton and trilepton events, depending on
the presence of a third lepton that is not associated with
the Z candidate. The dilepton channel uses the mZ vari-
able to search for excess over SM expectations, while
the trilepton channel uses the transverse momentum of
all central jets in the event (HT ). The dilepton chan-
nel targets the pair production hypotheses, while the
trilepton channel also accounts for single production hy-
potheses. As no excess over the SM predictions have
been observed, the results from both dilepton and trilep-
ton channels are combined and interpreted as 95% CL
limits on the cross section for both the single and pair
production, as a function of the mass of both T and B
quarks shown in Figure17.
Figure 17: 95% CL limits on the cross section times the branching ra-
tio of the Z decay mode as a function of mass for the single production
of the T quark.
CMS search for heavy resonances decaying to top
quarks and Higgs bosons in all-hadronic ﬁnal states[28].
The benchmark model is pair-produced vector-like T
quarks with charge 2/3. High masses of the T quarks are
assumed so that the decay products are highly Lorentz-
boosted, such that jets can overlap and get merged. Ded-
icated methods such as top-tagging and Higgs-tagging
algorithms are applied to resolve the substructure of
boosted jets. Upper limits on the production cross sec-
tion of a T quark with masses between 500 GeV/c2 and
1000 GeV/c2 are derived. If the heavy T quark has
an exclusive branching ratio BR(TtH)=100%, the ob-
served (expected) lower limit on the mass of the T is
747 GeV/c2 (701 GeV/c2) shown in Figure 18.
5.4. Conclusion
ATLAS and CMS Collaboration are conducting a
wide range of searches for SUSY particles and other
exotic new particles, exploiting diﬀerent signatures and
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Figure 18: Expected and observed limits determined from the com-
bined variable L for the combination of the single and multi Higgs-tag
categories.
using various detection techniques. These proceedings
give a summary of such searches, with emphasis on new
results. Despite this huge eﬀort, no exotic signal has
been observed in the data. Thus, exclusion limits on
cross sections and masses, or model-independent lim-
its, are given for various models. Since low-mass su-
persymmetry has not been found either, the theoretical
prejudice that nature could be exotic is getting stronger
makes searches for exotic physics so exciting, and at the
same time challenging.
Consequently, even more eﬀort will be put into
searches for exotic physics in the next run of the LHC,
starting in 2015 at a center-of-mass energy of 13 TeV
- almost double that used for Run 1. This will aﬀect
the cross sections of all physics processes, both SM as
well as BSM. The ratio of cross sections at the new en-
ergy compared to the old is predicted at around 2-2.5
for Higgs processes, and around 4 or 5 for tt¯ processes.
By comparison, stop pair production expects to see a
boost of around a factor of 10, and gluino production
even higher, up to 2700 times the cross-section in Run
1. SUSY processes are not the only promising BSM
signatures for the new start-up, Z’, excited quarks and
quantum black holes are predicted a factor of 13, 87,
and 12000 increase in cross-section. This will greatly
improve the discovery potential of many BSM searches,
giving a very optimistic outlook for the LHC Run 2.
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